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IMAGE ROTATION WITH SUBSTANTIALLY NO ALIASING ERROR 



BACKGROUND OF THE INVENTION 

Technical Field 

The present invention relates generally to document imaging and, more particularly, to 
image rotation with substantially no aliasing error in the resulting image. 

Related Art 

Digital imaging of documents, photographs and other objects provides numerous 
advantages including the ability to easily process, analyze and communicate images. One 
common method of creating a digital image is scanning. During scanning, a rectangular window, 
called an image buffer, which includes the image is typically created. An actual image is then 
extracted from the image buffer so further data analysis may be conducted on just the image. It is 
not an infrequent occurrence, however, for the object being scanned to be skewed or angled 
relative to the image window representation of the image buffer. During the extraction process, 
it therefore becomes advantageous to rotate the image to attain a properly justified replication. 

Present extraction processes are often inadequate for creating accurate replications of 
images after rotation because the extraction process imposes mistakes in the images. The 
mistakes, referred to as artifacts, may include such things as broken lines, stepped edges and 
other abnormalities. One particular type of artifact is referred to as "aliasing error," and generally 
includes stepping or breaks in lines of the image. Current correction methods for these mistakes 
are inadequate, processor intensive and time consuming. 
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Another challenge faced by users of digital imaging is to balance the desire to retain 
details in images while minimizing storage space for images. Data compression techniques, for 
example JPEG, have been developed to increase the ability to retain details, but reduction of data 
storage remains a problem. 

In view of the foregoing, there is a need for a high speed system and method for rotating 
an image such that the resulting image is substantially free of aliasing errors. It would also be 
advantageous if this system and method reduced data storage requirements. 

SUMMARY OF THE INVENTION 

In a first aspect of the invention is provided a method of rotating a first image in an image 
buffer, the method comprising the steps of: extracting first image data from the image buffer; and 
creating a rotated image that is substantially free of aliasing error using weighted sums of data 
points of the first image, wherein weighting depends on a skew angle of the first image and data 
point location in the first image. 

In a second aspect of the invention is provided a system for rotating an initial image 
stored in an image buffer, the system comprising: an image rotation module configured to rotate 
the initial image to create a rotated image by using weighted sums of data points of the initial 
image, wherein the weighting depends on a skew angle of the initial image and data point 
location in the initial image. 

A third aspect of the invention provides a computer program product comprising a 
computer useable medium having computer readable program code embodied therein for 
processing a first image in an image buffer, the computer program product comprising: program 
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code configured to rotate the first image to create a rotated image by using weighted sums of data 
points of the first image, wherein the weighting depends on a skew angle of the initial image and 
data point location in the first image. 

In a fourth aspect of the invention is provided a system for rotating an initial image stored 
in an image buffer, the system comprising: an image rotation module configured to rotate the 
initial image to create a rotated image that is substantially free of an aliasing error. 

The above-described invention provides a high speed system and method for rotating an 
image such that the resulting image is substantially free of aliasing errors. As an additional 
benefit, they also provide a reduction in data storage space requirements because of their ability 
to remove aliasing errors. 

The foregoing and other features and advantages of the invention will be apparent from 
the following more particular description of preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The preferred embodiments of this invention will be described in detail, with reference to 
the following figures, wherein like designations denote like elements, and wherein: 

FIG. 1 shows a block diagram of an image rotation system in accordance with the 
invention; 

FIG. 2 shows an exemplary skewed image in an image buffer; 
FIG. 3 shows a prior art image extraction process; 

FIG. 4 shows a prior art rotated image created with the process of FIG. 3, which includes 
a variety of aliasing errors; 
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FIG. 5 shows an image extraction process in accordance with the invention; and 
Fig. 6 shows a rotated image created with the process of FIG. 5, and which is 
substantially free of aliasing errors. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Although certain preferred embodiments of the present invention will be shown and 
described in detail, it should be understood that various changes and modifications may be made 
without departing from the scope of the appended claims. The scope of the present invention 
will in no way be limited to the number of constituting components, materials thereof, shapes 
thereof, relative arrangement thereof, etc., and are disclosed simply as an example of the 
preferred embodiment. 

FIG. 1 is a block diagram of an image rotation system 10 including an image rotation 
module 26 in accordance with a preferred embodiment of the present invention. System 10 
preferably includes a memory 12, a central processing unit (CPU) 14, input/output devices (I/O) 
16 and a bus 1 8. A database 20 may also be provided for storage of image data and other data 
relative to processing tasks. Memory 12 preferably includes a program product 22 that, when 
executed by CPU 14, comprises various functional capabilities described in further detail below. 
Memory 12 (and database 20) may comprise any known type of data storage system and/or 
transmission media, including magnetic media, optical media, random access memory (RAM), 
read only memory (ROM), a data object, etc. Moreover, memory 12 (and database 20) may 
reside at a single physical location comprising one or more types of data storage, or be distributed 
across a plurality of physical systems. CPU 14 may likewise comprise a single processing unit, 
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or a plurality of processing units distributed across one or more locations. I/O 16 may comprise 
any known type of input/output device including a network system, modem, keyboard, mouse, 
scanner, voice recognition system, CRT, printer, disc drives, etc. Additional components, such 
as cache memory, communication systems, system software, etc., may also be incorporated into 
system 10. 

Image rotation system 10 may be implemented in a variety of forms. For example, 
system 10 maybe part of a high speed, high volume document processing system such as found 
in institutional banks. For example, system 10 may be implemented as part of an IBM 3897 
Image Capture System. In this case, system 10, as recognized in the field, may include one or 
more networked computers, i.e., servers. In this setting, distributed servers may each contain 
only one system/module with the remainder of the systems/modules resident on a centrally 
located server. A server computer typically comprises an advanced mid-range multiprocessor- 
based server, such as the RS6000 from IBM, utilizing standard operating system software, which 
is designed to drive the operation of the particular hardware and which is compatible with other 
system components and I/O controllers. 

Alternatively, system 10 may be implemented as part of a workstation such as a personal 
computer. A workstation of this form may comprise, for example, an INTEL PENTIUM HI 
microprocessor, or like processor, such as found in an IBM Aptiva computer. 

Memory 12 of system 10 preferably includes a program product 22 that, when executed 
by CPU 14, provides various functional capabilities for system 10. As shown in Fig. 1, program 
product 22 may include an image generating module 24, an image rotation module 26, and other 
system component(s) 28. Other system components 28 may include any well known document 
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processing system components, e.g., an image capture processor, alteration indicating system, 
etc. 

In the following discussion, it will be understood that the method steps discussed 
preferably are performed by a processor, such as CPU 14 of system 10, executing instructions of 
program product 22 stored in memory. It is understood that the various devices, modules, 
mechanisms and systems described herein may be realized in hardware, software, or a 
combination of hardware and software, and may be compartmentalized other than as shown. 
They may be implemented by any type of computer system or other apparatus adapted for 
carrying out the methods described herein. A typical combination of hardware and software 
could be a general-purpose computer system with a computer program that, when loaded and 
executed, controls the computer system such that it carries out the methods described herein. 
Alternatively, a specific use computer, containing specialized hardware for carrying out one or 
more of the functional tasks of the invention could be utilized. The present invention can also be 
embedded in a computer program product, which comprises all the features enabling the 
implementation of the methods and functions described herein, and which - when loaded in a 
computer system - is able to carry out these methods and functions. Computer program, software 
program, program, program product, or software, in the present context mean any expression, in 
any language, code or notation, of a set of instructions intended to cause a system having an 
information processing capability to perform a particular function either directly or after the 
following: (a) conversion to another language, code or notation; and/or (b) reproduction in a 
different material form. 

Turning to Fig. 2, an initial image 30 is shown as stored in an image buffer 32, i.e., the 
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black field behind initial image 30. Initial image 30 may be created in any known fashion. For 
instance, as shown in FIG. 1, a document 4 may be scanned by a scanner 6. Image generation 
module 24 of system 10 may then create initial image 30 based on the data gathered from the 
scan. Image generation module 24, although shown as part of system 10, may alternatively be 
provided as part of scanner 6, as known in the art. 

For purposes of explanation, initial image 30 is illustrated as that of a document 4 and, 
more particularly, a check. It should be recognized, however, that the teachings of the present 
invention may be applied to any image requiring rotation as stored in an image buffer 32. Other 
examples include, but are not limited to, photographs and objects. 

As indicated in FIG. 2, for whatever reason, initial image 30 is skewed or angled relative 
to horizontal in image buffer 32, i.e., the image is a skewed image 34. The skew is apparent by 
comparing how edges of initial image 30 are not parallel with the edges of buffer 32. Skewed 
image 34 may have resulted in an image buffer 32, for example, because an object being scanned 
was fed into scanner 6 at an angle. 

Referring to FIGS. 3 and 4, it is customary for initial image 30 to be processed to reduce 
* the space required to store the image. To this end, initial image 30 may be processed to remove 
the skew angle by rotating the image, i.e., rotate image 30 to be horizontal. In addition, it is 
customary to reduce the size of the stored data to, for example, the size of initial image 30. 

Referring to FIG. 3, a partial analysis of image buffer 32 is shown. As shown, image 
buffer 32 is comprised of a grid. Image data points, e.g., VI, V2, V3, V4, are indicated by blocks 
of the grid and represent pixel data. Typically an extraction process begins by establishing the 
four corners of skewed image 34. Next, as indicated by arrows 36, initial image 30 is read as the 
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extraction process transverses horizontal rows of image data left to right. When the process 
comes to an end of a horizontal row, the process steps down (or up) image buffer 32 to a next 
row. As image 30 is read, the image data is processed to generate a rotated image 38. 

As shown in FIG. 4, a resulting rotated image 38 based on the known processing 
techniques includes the presence of artifacts, or mistakes, such as unsmooth lines, broken lines or 
"stair stepping" of lines. These mistakes are collectively referred to herein as "aliasing errors." 
Examples of aliasing errors in rotated image 38 are: 1) the broken nature of the character "P" in 
"PAY TO THE ORDER OF"; 2) stair stepping in the edges of rotated image 38; and 3) broken lines 
in the pillars of the house in rotated image 38. Generally, aliasing errors are created in rotated 
image 38 because current processing shifts discrete data points, e.g., VI, V2, V3, V4, etc., in 
their entirety, as necessary, to rotate the image. While certain aliasing errors have been pointed 
out, it should be recognized that aliasing errors may take a variety of other forms not listed herein 
but known to those having ordinary skill in the art. 

Referring to FIGS. 5 and 6, in accordance with the present invention, during extraction of 
an initial or first image 130, data points to be provided in the resulting image are created using an 
algorithm that provides a rotated image 138 (FIG. 6) that is substantially free, i.e., indiscernible 
to the human eye, of aliasing errors. In particular, the algorithm creates a rotated image by using 
weighted sums of data points of initial image 130. The fractions used to weight the sums are 
dependent on a skew angle of initial image 130 and data point location in initial image 130. 

For purposes of clarity in the following description, the present invention will initially be 
explained in terms of rotating an image to horizontal. In this regard, the terms "skew" and "skew 
angle" will be used to describe an angle of an initial image 130 relative to horizontal. However, 
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as the present invention is capable of rotating an image to any desired angle, as will be explained 
below, the terms "skew" and "skew angle" ultimately should not be limited to that meaning. 

FIG. 5 shows a partial analysis of an image buffer 132 in accordance with the invention. 
Neighboring image data points, e.g., VI, V2, V3, V4, of a skewed image 134 are indicated by 
blocks of the grid and represent pixel data values. As before, processing begins by establishing 
the four corners of a skewed image 134 in a known fashion. Next, image 130 is extracted by 
reading transverse horizontal rows of image data in image buffer 132 left to right (e.g., row R M to 
where M is an integer) and stepping down image buffer 132 when an end of a horizontal row 
is reached. In accordance with a preferred embodiment of the invention, however, data points of 
resulting rotated image 138 (FIG. 6) are calculated according to the following rotation algorithm: 

V 0 = K h * Ky (VI + V4 - V2 - V3) + K h (V3-V4) + (V2- V4) + V4 

In the algorithm, V 0 is a data point of rotated image 138; VI, V2, V3 and V4 are data 
points of the initial image that each incorporate a portion of V 0 ; and K h and Ky are fractions that 
are functions of skew angle a and data point (pixel) location of initial image 130. In a preferred 
embodiment, data points VI, V2, V3 and V4 are not all on the same horizontal row in image 
buffer 132, i.e., data points are in adjacent rows of the image buffer, as shown in FIG. 5. Hence, 
the algorithm uses weighted sums of neighboring data points on adjacent rows of image buffer 
132 to create data points V 0 of a resulting, rotated image 138. For clarity, the term "sums," as 
use herein, includes addition and subtraction of data point values. 

As extraction takes place, data point pair V3 and V4 are first ascertained (assuming a left 
to right and top to bottom progression) and buffered. When data point pair VI and V2 are 
ascertained, non-skewed image data point V 0 is calculated using the above algorithm. The 
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process is repeated for every four data points of initial image 130 until all of the data points of 
rotated image 138 are generated. 

In a preferred embodiment of the invention, fractions K h and Ky are implemented as l/8th 
increments, i.e., 1/8, 1/4, 3/8, 1/2, 5/8, 3/4 and 7/8. K h indicates a horizontal fraction (for each X 
5 coordinate in columns C 0 to C N , where N is an integer), and Ky indicates a vertical fraction (for Y 
coordinate in rows Ro to RjJ. Increments of K h and Ky may be determined, for example, by 
dividing an indexing number by eight (8) to arrive at an increment number. The "indexing 
number" is the number of data points the extraction process must process in a first direction (e.g., 
horizontally) before stepping one row or column in the other direction. As an example, the 

|S indexing number of data points necessary to progress horizontally (e.g., along row Rq) before 

u 

CH stepping one row vertically (i.e., from Rq to in the Y-direction) may be found by taking the 

id 

N inverse of the tangent of skew angle a. As an example, for a skew angle of 1°, the indexing 

CO 

jL. number is approximately 57 data points (i.e., 1/tangent 1°), which divided by eight (8) provides 

Ml 

f jj an increment number of approximately seven (7). The dispersion of fraction K h may then be 

t v,p 

[1|> distributed as follows: for data points 0-7 (i.e., data points corresponding to columns C 0 to C 7 ), 

fa 

K h = 1/8; data points 8-14, K h = 1/4; data points 15-21, K h = 3/8; and so on up to the 57 th data 
point. As is apparent from the above distribution, where the indexing number is not divisible by 
eight, the distribution is made as close as possible to even segments. 

If image 30 has perpendicular sides, values for Ky may be determined by the same 
20 formula as K h . That is, horizontal rows 0-7 (i.e., rows R^) of data points, Ky = 1/8; rows 8-14, 
Ky = 1/4; rows 15-21, Ky = 3/8, and so on. As horizontal rows are extracted, the vertical (Rq to 
RfJ coordinate is incremented by one (1) up or down depending on the direction of extraction, 
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which allows for determination of an appropriate Ky fraction. 

If image 30 does not have perpendicular sides, increment numbers will vary for K h and Ky 
depending on their respective skew angle. That is, values of K h and will be provided 
according to the respective skew angle in the respective horizontal and vertical directions. 

The appropriate values for K h and are preferably stored in at least one lookup table 
based on a predetermined number of indexing numbers and data point (pixel, pel) locations. 
Alternatively, since the indexing number can be associated with a skew angle, a lookup table may 
be based on skew angle. A look up table as described may take a form as follows; the ranges 
provided are for respective horizontal and vertical data points in a perpendicular image: 



Ind. No.: 57 


Horizontal C, Vertical R 












0-7: K h 1/8; 0-7, 1/8 


8-14, K h 1/4; 8-14: 1/4 




42-48: K h 3/4; 42-48:1^3/4 





The number of lookup tables provided may be limited to a range based on the anticipated 
skew angles, e.g., 20-30, or indexing numbers. Arrangement of lookup tables in this fashion 



provides for minimization of lookup table size because each table's size is based on its associated 
indexing number. 

Where an exact match between actual skew angle/indexing number and a lookup table is 
not possible, approximations can be provided. For example, if a skew angle is 1.14° (indexing 
number 50.25) and lookup tables exist for indexing numbers 50 and 51, then the invention may 
use approximations. For example, values for fractions K h and Ky may be used from the lookup 
table for indexing number 50 because it is the closest to the actual indexing number, i.e., 50.25. 
Alternatively, the invention may alternate between fraction values for indexing numbers 50 and 
51, or use some other averaging technique. Similarly, as indicated in the above exemplary 
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lookup table, the number of pixel locations for which a K h and Ky fraction is given may be 
limited to ranges, and approximations made to arrive at appropriate fractions. 

While the preferred embodiment of the invention has been explained with an increment 
of l/8 th for fractions K h and Ky because of its ease of implementation, it should be recognized that 
other increments may be possible. The direction(s) of extraction may also be altered, i.e., 
moving horizontally right to left, or starting at the bottom of image buffer 132 and stepping up 
rather than down. 

The resulting rotated image 138 created by using the above-described correction 
algorithm is illustrated in FIG. 6. Rotated image 138 is substantially free of aliasing errors. For 
instance, there are no broken lines in the character "P" in "PAY TO THE ORDER OF" or the pillars 
of the house. Also, stair stepping in the edges of rotated image 138 is not present. Another 
advantage of the present invention is that it may result in, for example, a 5-10% reduction in the 
compressed data size of rotated image 138 versus a rotated image 38 created by prior art 
techniques. This is beneficial in terms of data storage requirements. 

In an alternative embodiment of the present invention, the correction algorithm may be 
simplified by removing the first term, i.e., K h * ¥^ (VI + V4 - V2 - V3). This simplification 
reduces processor load without creating undue loss of quality. 

For clarity, the present invention is described relative to rotation of initial image 130 to a 
non-skewed or horizontal rotated image 138. However, it should be recognized that the present 
invention is not limited to rotation of images to horizontal or vertical positions, but also may be 
applied to rotation of an initial image 130 to any desired rotated angle. In this case, an angle that 
an initial image 130 is to be rotated may be set by a user. For instance, a user may want to rotate 
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an initial image that is at an angle of 30° relative to horizontal to be 45° relative to horizontal. A 
skew angle may be determined in these circumstances by taking the difference of the actual angle 
of initial image 30 (e.g., 30°) and the desired rotated angle (e.g., 45°). In this case, the skew 
angle is 15°. Application of the present invention to initial image 130 would then rotate it to the 
desired rotated angle to create a rotated image 138 that is substantially free of aliasing error. In 
view of the foregoing, the term "skew angle" should not be limited to an angle relative to 
horizontal or vertical in the following description. 

While this invention has been described in conjunction with the specific embodiments 
outlined above, it is evident that many alternatives, modifications and variations will be apparent 
to those skilled in the art. Accordingly, the preferred embodiments of the invention as set forth 
above are intended to be illustrative, not limiting. Various changes may be made without 
departing from the spirit and scope of the invention as defined in the following claims. 
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